High durability of the blade tool from superhard materials (SНM), which have unique physical and mechanical properties, creates the prerequisites for its effective use in automated production. However, the widespread use of such tools is constrained by its relatively low reliability during operation. This disadvantage is due to the imperfection of the processes of obtaining SНM: the presence in it residual stresses, internal defects, which appear even after sharpening and thermo-activated finishing. The processes of sharpening of tool blade from superhard materials and cutting with this tool are characterized by high levels of contact pressures and temperatures in the treatment area. Therefore, it seems inappropriate to choose sparing conditions for its sharpening and refinement to ensure the defect of these processes. In connection with this, a new methodological approach is proposed, which makes it possible to determine the cutting conditions and other conditions for sharpening and finishing the SНM blade tool, in which material defects are revealed even at the tool manufacturing stage. To this end, in the software packages COSMOS, ANSYS, NOSTRAN, Third Wave AdvantEdge, thermo-force stress in the cutting edge of the tool simulated under extreme conditions while its operation. This simulations are the initial data for solving the inverse problemfinding conditions (speed, cross feed, normal pressure in the contact) and other diamond grinding modes (physical and mechanical properties of the bond and diamond grains of the wheel, grain size and concentration) according to the wellknown stress-strain state cutter from SНM in extreme conditions of its operation. The proposed methodology allows rejecting defective cutters at the stage of their manufacture, thereby increasing the reliability of operation of blade tool from superhard materials.
Use of blade and abrasive tools from superhard materials (SHM) is hampered by a number of objective reasons. For a blade, it is a relatively low reliability of its operation and laboriousness of sharpening and regrinding, and for an abrasive it is a low utilization rate of expensive diamond grains and, as a result, a high cost of processing. Tools equipped with superhard materials, providing high performance and quality of processing difficult-to-cut materials, make it possible in some cases to replace the grinding operation with turning and milling. The wide-range SHM blade tools produced today have high hardness and wear resistance under conditions of elevated pressures and temperatures occurring during processing of various materials, however, they are distinguished by a wide range of strength characteristics [1] . Therefore, the productivity of machining with such tool is often limited by the fragile destruction of its cutting part in the form of flaking and chipping [2] . Flaking of small particles of the cutting edge as an intra-contact type of destruction that does not extend beyond the contact of the chip with the front surface is caused by defects in the tool material and residual stresses in it. Chips, manifested in the separation of a relatively large volume of the cutting part of the tool, occur when the maximum loads and temperatures are exceeded. The cause of these failures is in most cases the operation of the tool under conditions of significant fluctuations of the loads due to changes in the thickness of cutting and allowance, the random nature of the processes affecting the formation of contact zones, the instability of the properties of the processed and tool materials. The last factor for SHM is primarily due to defects in the internal structure associated with the imperfection of the processes of their synthesis, surface defects and residual stresses resulting from their manufacture or subsequent processing of the tool and collectively manifested in reducing the strength of the cutting part. The presence of these factors determines the failures in the operation of the cutting tool of the SHM and reduces its reliability. Considering that, the advantages of tools equipped with an SHM in terms of productivity and processing quality are maximally realized in automated production conditions on numerically controlled machines, processing centers, flexible production modules and systems [3] . The requirements for their performance and reliability increase especially due to the need to ensure trouble-free operation of expensive and high-performance equipment.
Improving the technology of synthesis of superhard materials and solution of material science problems associated with the creation of more durable, thermal and wear-resistant SHM, partially solve this problem. However, its solution cannot be considered outside the context of cutting conditions (processing material, cutting conditions, tool geometry), which largely determine the possibility of tool destruction. According to the data of [4], the probability of destruction of cutting tools from SHM, even with finishing turning, can reach 47%. In some cases, these tools are used for roughing (at depths of up to 4 mm), the same tool can be used in both finishing and roughing operations, ensuring the necessary productivity and quality of processing. Authors [4] reasonably associate reliability with limiting stresses on the front and rear edges of the cutter during cutting. Using probabilistic calculation methods, they take into account the influence of only a force factor on the destruction of an SHM, but do not consider the effect of temperature in the cutting zone. However, temperature effects also have a significant effect on the cutting part of the tool during the entire time of contact of the cutter with the part, and the formation of microcracks on the surface of the SHM may be due to the action of one or several mechanisms of destruction. And if force loading is due to the presence and nature of loads, conditions for cutting-in and exiting tool from the workpiece, the level and ratio of the static and dynamic components of the cutting force, tool wear dynamics over the durability period [5], then thermal is the anisotropy of the thermophysical properties of SHM crystallites, significant difference in coefficients of thermal expansion of diamond crystallites and catalyst metal inclusions remaining in the SHM after synthesis.
Thus, under the influence of thermo-force loading during blade processing, a non-uniform stress-strain state (SSS) of both processed and instrumental materials arises, which can activate certain mechanisms of destruction of the contacting surfaces. For example, for SHM, this can be the oxidation of inter-and intracrystalline inclusions, the migration of a metal catalyst to the surface [6], resulting in chipping of the cutting edges of the tool, the formation of a grid of microcracks on the surface and macro-cracking of SHM. Therefore, during sharpening, used sparing grinding conditions under which no similar micro-and macro-changes would occur in the structure of the SHM. Visual inspection after such sharpening and finishing does not guarantee the reliability of the tool, and its failure and failure may occur when the tool is working, and the manufacturer does not guarantee the operation of such a tool in more severe conditions of its operation.
To reduce the operational failures of the SHM blade tool, a new methodological approach is proposed, which makes it possible to ensure the reliability of such a tool already at the stage of its sharpening and thermoactivated finishing. For this purpose, it is advisable to carry out sharpening and fine-tuning of the blade tool at thermal power loads close to the conditions of its subsequent operation, i.e., characterized by the presence of high pressures and temperatures in the grinding zone (when sharpened), the same as in the cutting zone (at operation of the tool SHM). Thus, it is proposed to sharpen and bring the SHM blade tools in such thermal-force conditions so that the defects obtained during the synthesis of the SHM manifest themselves before the operation of the tool, and the rejection would be carried out at the manufacturing stage.
The following algorithm is proposed for the implementation of this approach, based on 3D modeling of the stress-strain state. At the first stage, for cutting with the help of a package of applied programs using the finite-element method, the limiting thermal stress in the cutting edge of the tool under extreme conditions of its operation are calculated (Fig. 1) . The initial data for this can be the calculated values of the forces and temperatures characterizing the conditions of processing of specific materials by the SHM blade tool. The three-dimensional model of the blade tool can also be loaded with cutting conditions on which this tool works in extreme conditions of operation, with the physicomechanical properties of the tool and processing materials. It is possible to determine three-dimensional operational stresses in superhard tool material using application packages COSMOS, ANSYS, NOSTRAN, designed for research calculations using the finite element method [7-10], which (in a universal configuration) allow us to determine displacements, strains and stresses at static and dynamic effects; determine stress-strain states: physically and geometrically non-linear models, when deformable solids contact, if there are cracks; stationary and nonstationary nonlinear thermal processes; determine the sensitivity of the results of all types of analysis to changes in the properties of system elements; implement multi-criteria optimization with simultaneous use of different types of constraints and adaptive stress analysis.
Thermal 3D SSS with blade processing of various materials is even more efficient to calculate by modeling the cutting process in the software package "Third Wave AdvantEdge", specialized for blade processing. The initial data for calculating stresses in this package are physicomechanical roperties of the superhard tool and processing materials, as well as the corresponding specific turning operation modes and geometrical parameters of the blade tool. At the same time, "Third Wave AdvantEdge" in the automated mode determines and analyzes the dynamics of changes in the stress-strain state of the "cutter-part" system for various conditions of its operation. An example of the calculation of stresses and temperatures in the cutting zone of copper is shown in Figure 2 Thus obtained values of thermal stress in the cutting edge of the cutter under extreme turning conditions are the source data for solving the inverse problemmodeling the stress-strain state of the blade tool when it is sharpened and found, based on it, modes and other conditions of grinding and heat activated finishing. Thus, recommended conditions for sharpening and finishing blade tools from different types of SHM can be obtained for specific conditions of turning with this tool.
The use of COSMOS, ANSYS, NOSTRAN packages for this allows us to simulate the energy and strain density in three dimensions, using which, using Griffiths theory, we can determine the possibility of formation and development of microcracks on the surface and inside the SHM (Fig. 3) . In the course of solving the inverse problem, the grinding speed, lateral flow, normal pressure in contact for specific physico-mechanical properties of grinding Processed material SHM cutter SHM, as well as wheel characteristics (diamond grade, bond, grain size and concentration), which provide thermal stress, are determined by the known level of operating thermal stress. In the cutting edge, when it is sharpened, slightly higher than the thermal-stresses during blade processing (Fig. 1 ). This will ensure the opening of defects of the superhard cutter material during its sharpening: if it is not able to withstand such thermal stress, the cutter will be rejected at the stage of its manufacture, and not during operation.
Bundle
Diamond grain SHM cutter Sharpening modes and other diamond grinding conditions obtained during the solution of the inverse problem will ensure that thermo-force stresses exceeding the operating stresses are present in the sharpened SHM and, thus, the conditions of the sharpening and thermo-activated finishing at which the SHM defects are detected are found at the tool manufacturing stage. This will make it possible to make recommendations on the expediency of using a tool from one or another superhard material on a particular turning operation.
The process of diamond grinding of superhard materials intended for blade processing can also be analyzed by simulating a single diamond grain by micro-cutting of various processed materials in the «Third Wave AdvantEdge» package. Its use allows one to conduct model experiments on the study of microcutting of various materials with diamond grains of various geometries in various loading conditions. According to the well-known stress-strain state of SHM, arising in it under extreme conditions of its operation in the blade tool, the software package «Third Wave AdvantEdge» analyzes in dynamics its influence on the stress and temperature fields in the diamond grain of the grinding wheel (Fig. 4) .
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Deformation The subsequent computer processing of the results of the micro-cutting process simulation allows us to determine the dynamics of changes in temperatures and cutting forces (Fig. 5) . The obtained thermal characteristics are used to solve the inverse problem the grinding conditions for micro-and macro-destruction (self-sharpening) of diamond grains are determined by the simulated stress-strain state, which ensure the self-sharpening of the diamond grains of the grinding wheel and the opening of polished SHM defects when grinding and finishnig namely: physical and mechanical properties (grade) of bonds and diamond grains of a wheel, their sizes (granularity), concentration and grinding modes (speed, cross feed, normal pressure in the contact).
Thus, using modern application packages for the finite element method, theoretically, using calculated data on blade processing without long, laborious and expensive experiments, it is possible to determine the conditions for sharpening a blade tool with SHM, depending on its subsequent operational purpose. Combining a control operation with an "address" (for a specific use) sharpening will reduce the failures of such a tool in the specific conditions of its industrial use. The use of this approach allows us to exclude rapid tests and other measures for diagnosing a blade tool before starting its operation and, in combination with appropriate methods of control during the cutting process, significantly improve the performance of an expensive tool from SHM. The proposed methodology also allows us to expand the technological capabilities of the use of blade tools, since it allow to find the area of effective application for different quality SHMs.
